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Recently, a novel phenomenon that a significantly wide dip in the magnetoresistance of

Aharonov-Bohm ring structures in a weak magnetic field range is induced by microwave

radiation was observed. It is clearly considered that excitation of conducting electrons by

microwave caused these phenomena. In the present study, we attempt to understand these

features by means of a simple one-body model in terms of tight-binding equation including

electron-photon interaction. Further, a brand-new way of numerical computation in which

symbolic calculation is employed to define unknown variables and simultaneous equations

is proposed.
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Fig. 1 The numerical model of an AB ring with two leads
of width d.
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Fig. 2 The magnetic spectrum of the conductance G for

w = 0.02.
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Fig.3 Microwave induced magnetoresistance for w = 0.01,
0.02 and 0.05.

Fig.4 The contour plot of the probability density in the ab-
sence of the microwave, w = 0 (a), and those in the presence
of the microwave of w = 0.02 for each excited state (I =0, 1,
2 and 3) (b), where B = 18.0956 and the fundamental mode

incidence is assumed.
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val3 = Table[c[i, j, 1], {i, -L+2, -ri}, {j, Min[-M+ 1, Round[If[i > -ra, -Sgrt[ra”2-i"2], -M+1]]],
Max[M -1, Round[If[i > -ra, Sqrt[ra®2-i"2], M-1]11}, {1, 0, 1m}];
val4 = Table[c[i, j, 1], {i, -ri+1, ri -1}, {j, Round[-Sqrt[ra™2-1i"2]],
Round[-Sqrt[ri”®2-1i"2]11}, {1, 0, 1m}];
val5 = Table[c[i, j, 1], {i, -ri+1, ri -1}, {j, Round[Sqgrt[ri”*2-i"2]], Round[Sqgrt[ra®2-i"2]]},
{1, 0, Im}];
valé = Table[c[i, j, 1], {i, ri, L -2}, {j, Min[-M + 1, Round[If[i < ra, -Sgrt[ra”2-i"2], -M+1]]],
Max[M -1, Round[If[i < ra, Sqrt[ra®2-i"2], M-1]]11}, {1, 0, 1m}];
val = Flatten[Union[vall, val2, val3, val4, val5, val6]];
Clear([vall, val2, val3, val4, val5, val6];
nnl = Table[{c[i+1, j, 1], c[1i-1, §, 1], c[di, F+1, 1], c[i, -1, 1]},
{i, -L+1, -ri}, {j, Min[-M + 1, Round[If[i > -ra, -Sqgrt[ra”2-i"2], -M+1]]],
Max[M -1, Round[If[i > -ra, Sqrt[ra®2-i"2], M-1]11}, {1, -1, lm+ 1}];
nn2 = Table[{c[i+1, j, 1], c¢[1i-1, §, 1], c[di, §+1, 1], c[di, §-1, 1]}, {i, -ri+ 1, ri-1},
{j, Round[-Sqrt[ra”2 -i"2]], Round[-Sqrt[ri”2-i"2]]}, {1, -1, Im+1}];
nn3 = Table[{c[i+1, j, 1], c[i-1, §, 1], c[di, j+1, 1], c[di, §-1, 1]}, {i, -ri+1, ri-1},
{j, Round[Sqrt[ri”“2 -i"2]], Round[Sqrt[ra”™2-i"2]1}, {1, -1, 1m+1}];
nn4 = Table[{c[i+1, j, 1], c[i-1, §, 1], c[di, j+1, 1], c[4i, §-1, 1]}, {i, ri, L -1},
{j, Min[-M + 1, Round[If[i < ra, -Sqrt[ra”2-i"2], -M+1]]],
Max[M -1, Round[If[i < ra, Sqrt[ra”2-i"2], M-1]11}, {1, -1, Im+ 1}];
nn0 = Flatten[Union[nnl, nn2, nn3, nn4]];
nn = Complement [nn0, val]; Clear[nnl, nn2, nn3, nn4, nnO0];
be3 = Table[nn[[i]] » 0, {i, 1, Length[nn]}]; Clear[nn];
Do[a=ia (0.004/1000.0);
eql = Table[c[i+1, j, 1] +c[i-1, j, 1] +Exp[-I2Piai]c[i, j+1, 1] +
Exp[I2Piai]c[i, j-1, 1] -v (c[i, j, 1-1] +c[i, j, 1 +1]) == (e-1w)c[i, j, 1],
{i, -L+1, -ri}, {j, Min[-M + 1, Round[If[i > -ra, -Sqrt[ra”2-i"2], -M+1]]1],
Max[M -1, Round[If[i > -ra, Sgrt[ra®2-i"2], M-1]]11}, {1, 0, 1m}];
eq2 = Table[c[i+1, j, 1] +c[i-1, j, 1] +Exp[-I2Piai]c[i, j+1, 1] +
Exp[I2Piai] c[i, j-1, 1] -v (e[i, j, 1 -1] +c[i, j, 1 +1]) = (e-1w) c[i, j, 1],
{i, -ri+1, ri -1}, {j, Round[-Sqrt[ra”2 -i"2]], Round[-Sqrt[ri~2-1i"2]1}, {1, 0, 1m}];
eq3 = Table[c[i+1, j, 1] +c[i-1, j, 1] +Exp[-I2Piai]c[i, j+1, 1] +
Exp[I2Piai]c[i, j-1, 1] -v (c[i, j, 1 -1] +c[i, j, 1 +1]) == (e-1w) c[i, F, 1],
{i, -ri+1, ri -1}, {j, Round[Sqrt[ri”*2 -i"2]], Round[Sqrt[ra”2-1i"2]]1}, {1, 0, 1m}];
eqg4 = Table[c[i+1, j, 1] +c[i-1, j, 1] +Exp[-I2Piai]c[i, j+1, 1] +
Exp[I2Piai] c[i, j-1, 1] -v (e[i, j, 1 -1] +c[i, j, 1 +1]) = (e-1w) c[i, j, 1],
{i, ri, L -1}, {j, Min[-M+ 1, Round[If[i < ra, -Sqrt[ra®2-i"2], -M+1]]1],
Max[M -1, Round[If[i < ra, Sgrt[ra”2-i"2], M-1]]1}, {1, O, 1m}];
eqg0 = Flatten[{eql, eqg2, eq3, eg4}];
Clear[eql, eq2, eqg3, eg4]:;
(p[i_, i 1_] :=Exp[-TaA[i, j]] (Exp[Ikx[n, 1] i] Sin[nPi/ (2 M) (j + M) ] KroneckerDelta[l, 0] +
Sum[r[11, 1] Exp[-Ikx[11l, 1]4i] Sin[11Pi/ (2M) (j+M)], {11, 1, 2M-1}]);
x[i_, 3,1 ] :=Exp[Taa[i, j]1] Sum[t[1]l, 1] Exp[Ikx[11l, 1] i] Sin[11Pi/(2M) (j+M)], {11, 1, 2M-1}];
bcl = Flatten[Table[c[-L, j, 1] -» ¢[-L, j, 1], {j, -M+1, M-1}, {1, 0, 1m}]];
bcll = Flatten[Table[c[-L+1, j, 1] » ¢[-L+1, j, 1], {j, -M+1, M-1}, {1, 0, 1m}]];
bc2 = Flatten[Table[c[L, j, 1] » x[L, j, 1], {3, -M+1, M-1}, {1, 0, 1m}]];
bc22 = Flatten[Table[c[L -1, j, 1] » x[L-1, 3, 11, {j, -M+1, M-1}, {1, 0, 1m}]];
bc = Simplify[Expand[Flatten[Union[bcl, bcll, bec2, bc22]]]1]:;
Clear[bcl, bcll, bc2, bc22];
Clear[o, x]:
eq00 = Simplify[Expand[eq0 /. bec]];
Clear[eq0, bc];
eq = Simplify[Expand[eq00 /. bec3]];
Clear[eq00];
sol = NSolve[eq, val];
tr =
Table[R[1] = Sum[Abs[r[i, 1]] *2 Re[Sin[kx[i, 1]]/Sin[kx[n, 0]]] /. sol[[1]], {i, 1, 2M-1}], {1, 0, 1m}];
tt = Table[T[1] = Sum[Abs[t[i, 1]] "2 Re[ Sin[kx[i, 1]]/Sin[kx[n, 0]]] /. sol[[1]], {i, 1, 2M-1}],
{1, 0, 1m}];
ter = Sum[tr[[1]], {1, 1, Im+1}]; tet =Sum[tt[[1]], {1, 1, Im+ 1}];
Clear[eq, sol];
Write[fname, {a, tr, tt, ter, tet}], {ia, 0, 1000}]

Close[fname]





